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Abstract 


With the rapid growth of China's economy, all walks of life have developed healthily and stably. The relationship between 
education, finance and economy is becoming closer and closer. It is urgent to investigate the relationship between the three to 
achieve the right remedy. It is urgent to investigate the relationship between the three to achieve right remedy. The study of the 
relationship between education, finance and economy has certain representativeness and practical significance. Firstly, using 
Pearson correlation coefficient analysis method and copula entropy, this paper selects the index data of the three subsystems 
of education. Firstly, using Pearson correlation coefficient analysis method and copula entropy, this paper selects the index 
data of the three subsystems of education, finance and economy in Hubei Province from 2005 to 2020, and discusses the 
correlation degree between education, finance and economy in detail. Secondly, it constructs the coupling coordination degree 
model of the three subsystems of education, finance and economy, obtains the coordination degree and Secondly, it constructs 
the coupling coordination degree model of the three subsystems of education, finance and economy, obtains the coordination 
degree and coordinated development level of the three subsystems, and constructs the GM (1,1) grey-prediction model to 
predict the coupling coordination degree in The results show that there is a strong correlation between education and finance, 
education and economy, finance and economy. It is predicted that it will continue It is predicted that it will continue the previous 
slow upward trend from 2021 to 2024, and initially reach the stage of good coordinated development in 2024. In order to 
further promote the coordinated development of regional education, finance and economy in China and provide reference 
for the construction of domestic education finance In order to further promote the coordinated development of regional 
education, finance and economy in China and provide reference for the construction of domestic education finance economy 
system, this paper puts forward reasonable suggestions: starting from the internal governance of the two systems, promote 
the benign This paper puts forward reasonable suggestions: starting from the internal governance of the two systems, promote 
the benign development of the three systems; Increase investment in education and pay attention to the quality of education 
and teaching; Accelerate the paper puts forward reasonable suggestions: starting from the internal governance of the two 
systems, promote the benign development of the three systems; Increase investment in education and pay attention to the 
quality of education and teaching; accelerate the optimization and upgrading of education structure and economic structure; 
Strengthen financial supervision and improve the participation of The Government of the Republic of Korea will continue to 
promote the development of the three systems; Increase investment in education and pay attention to the quality of education 
and teaching; Accelerate the optimization and upgrading of education structure and economic structure; Strengthen financial 
supervision and improve the participation of investors in the financial market. 
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Introduction 


In the context of the new era, China’s economy has grown 
rapidly, and according to the National Bureau of Statistics- 
China Statistical Yearbook 2021, China’s domestic GDP has 
grown continuously, from 367.87 billion yuan in 1978 to 
100,878.25 billion yuan in 2020, an increase of nearly 273 
times. Since the reform and opening up, the level of education 
has also gradually increased along with the economic 
development, financial construction and the improvement 
of people’s living standards. During this period, the state has 
made a large amount of investment in education, and in 1977, 
college entrance examinations were resumed throughout the 
country, and the education level of students has increased 
year by year. With the gradual deepening and reform of the 
education system, the investment in education funds has 
played a great role in the development of China’s national 
economy Promoting role [1]. With the gradual deepening and 
reform of the education system, the investment in education 
has greatly contributed to the development of China’s national 
economy. Developing education and improving the quality of 
the population is a prerequisite for implementing the strategy 
of strengthening the country through education, promoting 
economic growth and social progress and development, and 
is a long-term strategic choice for realizing China’s socialist 
modernization. The report of the 19th Party Congress points 
out that “building a strong education country is a fundamental 
project for the great rejuvenation of the Chinese nation, and 
authors must give priority to education, speed up education 
modernization, and provide education that satisfies the 
people”. The national “14th Five-Year Plan” and “2035 
Vision” also emphasize the need to improve national quality, 
build a quality education system, optimize the population 
structure, and expand the population quality dividend [1]. 
The national “14th Five-Year Plan” and “2035 Vision” also 
emphasize the need to improve national quality, build a 
quality education system, optimize population structure, and 
expand the population quality dividend. The relationship 
between education level, financial construction and economic 
development is becoming increasingly close, and a better 
education system will drive economic development and 
improve economic structure. In order to further improve the 
construction of domestic education-finance-economy system, 
the correlation between education, finance and economy 
needs to be explored more deeply. 


Significance 


In the process of economic and financial development, 
there exists a dynamic relationship between the level of 
education, financial development and economic growth, 
which is mutually influential, mutually constraining, 
interdependent and mutually promoting. On the one hand, 
sustained and stable economic growth and rapid financial 
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development provide a good material basis for improving 
education investment; on the other hand, the improvement 
of education level can also accelerate the speed of 
economic development and improve the quality of financial 
development by improving human capital, increasing the 
quantity of talents and improving the quality of talents. 


The system constituted by education level, financial 
development and economic growth is an open system 
with high complexity, uncertainty and multiple levels, and 
the three aspects both promote and constrain each other, 
so it is worthy of in-depth research and exploration. The 
correlation analysis of the three aspects, namely, education 
level, financial development and economic growth, on the 
one hand, the analysis between the two helps us to gain a 
deeper understanding of the reasons for the incompatibility 
between education level, financial development and 
economic growth, and provides a scientific basis for the 
reasonable regulation of the construction between the two. 
On the other hand, the analysis between the three helps to 
further control the construction of the domestic education- 
finance-economy system, and the conclusions drawn can 
provide certain reference for the improvement of China’s 
comprehensive national power, which can provide reference 
for the relevant departments’ decision making at the macro 
level. 


Review of Domestic and International Literature 


Financial development can accelerate economic 
development, and it is the increase in the level of economic 
development that truly and effectively creates equity in 
education, which in turn plays an active role in promoting 
human capital optimization, scientific and technological 
progress, and direct wealth creation. In conclusion, financial 
development can provide the financial needs for economic 
development, while economic development promotes the 
equity of education. The exploration of the relationship 
between education level, financial construction and 
economic growth has been studied by many scholars at 
home and abroad. 


Analysis of the Correlation between the Level of 
Educational Development, the Level of Financial 
Development and the Level of Economic Development: 
Qiaoling Q [2] analysed the impact on educational equity 
from the perspective of financial development, constructed 
an econometric model, and conducted an empirical analysis 
on the impact of financial development and economic 
development on educational equity, collected panel data of 
31 regions in China from 2000-2016, and established a panel 
co-integration and error correction model, the empirical 
results show that, overall, the direct impact of economic 
development on educational equity is significant, and the 
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financial development has a non-significant direct effect on 
educational equity, but shows different indirect effects in 
different regions through economic development: significant 
at the national level and in the eastern region, but not in the 
central and western regions; Wang C [3] indicates that the 
Friedman test in non-parametric statistics shows that there 
are significant differences between the central provinces 
in both hard power (economic development level) and soft 
power (education resource situation), and the Spearman rank 
correlation coefficient indicates that the correlation between 
financial development and economic development is strong 
and the correlation between higher education development 
and economic growth is weak in the six central provinces, and 
on this basis, corresponding policy recommendations are put 
forward to promote the rapid rise of the six central provinces. 


Analysis of the Correlation between the Level of Financial 
Development and the Level of Economic Development: 
Zarrouk H, et al. [4] find that the direction of causality 
between finance and economy is from financial development 
to economic growth, and reverse causality does not drive this 
relationship, using Islam as an example. 


Jinping D, et al. [5] showed that financial frictions are 
an important factor leading to economic turmoil in China, 
and financial fluctuations caused by financial frictions are 
significantly correlated with real economic changes; Ren X, 
et al. [6] showed that local economic development indicators 
set too high significantly raise the risk of company stock price 
collapse; Chen Y, et al. [7] show that only when the financial 
cycle is in a more stable norm does it contribute to economic 
growth and financial stability. Conversely, the negative impact 
on economic development and financial stability is evident 
whether the financial cycle is too hot or too cold; Jinping D, et 
al. [8] found through empirical analysis that in the short run, 
economic growth is beneficial to financial stability, but in the 
medium and long run, economic overheating is detrimental 
to financial stability. 


Analysis of the Correlation between the Level of 
Educational Development and the Level of Economic 
Development: Kolosnitsyna MG, et al. [9] found the results 
of the study confirm the positive long-term impact of total 
education spending on GDP. However the difference is that 
in rich and powerful countries investment in education at all 
levels has a positive impact on GDP, while in poor countries 
only primary education has a positive return, while spending 
on secondary and vocational education reduces GDP; Prince 
B, et al. [10] showed a positive relationship between human 
capital and short-term economic growth in their analysis. 


sXie X, et al. [11] found through the analysis of 17 years of 
statistical data of 30 provinces, it is concluded that education 
investment and economic growth are positively correlated, 
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that is to say, education investment can significantly improve 
economic growth, but its effect is in the shape of a wave, and 
when basic education reaches a certain level, the influence of 
education investment on economic growth becomes stronger 
and weaker; Chen M, et al. [12] pointed out that regional 
vocational education in Guangxi has a great influence on 
the economic development of Beibu Gulf Economic Zone; Ji 
Huadong, Huang §, et al. [13] found the study shows that the 
equitable distribution of educational resources can better 
promote economic development; Miao L, et al. [14] found 
taking 31 provincial administrative units in China from 
2009 to 2019 as research objects, on the basis of clarifying 
the mechanism of coupling and coordination between local 
financial investment in education and the development level 
of economy, an evaluation index system of local financial 
investment in education and economic development level 
was established, the comprehensive index of local financial 
investment in education and economic development level 
was measured by using comprehensive evaluation model 
and entropy weight method, and the coupling coordination 
degree and spatial self The spatio-temporal characteristics of 
the coupling coordination degree and its spatial correlation 
evolution pattern were analyzed by using the coupling 
coordination degree and spatial autocorrelation model; Zhu 
C, et al. [15] analyzed the contribution of financial education 
investment to regional economic growth based on inter- 
provincial empirical data from 2003 to 2013, and concluded 
that the contribution of financial education to economic 
development was higher than that of physical capital 
investment; Wu H, et al. [16] explored the relationship 
between financial investment in higher education and 
economic growth in China, and showed that financial 
investment in higher education has a significant contribution 
to China’s economic development. 


Analysis of the Correlation between the Level of 
Educational Development and the Level of Financial 
Development: Cole, et al. [17-19] use U.S. Census of Finance 
information and find, after accounting for the effects of 
age, income, and other important factors, that increasing 
educational attainment has a significant growth effect on 
household financial market participation, for example, there 
will be a 20% increase in participation from high school to 
college. 


Hong M, et al. [20] found using panel data of 25 Chinese 
provinces and cities from 1999-2015, authors empirically 
tested the impact of the degree of educational inequality on 
the relationship between financial development and income 
distribution, showing that the development of formal finance 
is conducive to narrowing the gap between residents’ incomes, 
while the development of informal finance is detrimental 
to narrowing the gap between residents’ incomes, that the 
reduction of educational inequality can narrow the gap 
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between residents’ incomes, and that the higher the degree 
of educational inequality, the financial and informal financial 
development has a greater negative impact on income 
distribution; Yang F, et al. [21] found from the perspective of 
modern human capital theory investment, based on the dual 
role of “government-market” in China, financial development 
and financial education expenditure are included in the same 
research framework, and provincial panel data from 2003- 
2018 are selected. empirical analysis, authors found that 
financial development significantly promoted human capital 
accumulation, and financial education expenditure played 
a partly mediating role in this process, that is, financial 
development could promote human capital accumulation by 
influencing financial education expenditure; Lihua Z, et al. 
[22] found by selecting the inter-provincial panel data of 17 
resource-based provinces in China. 


It is shown that both financial development and higher 
education have a positive contribution to the science and 
technology innovation capacity of resource-based regions, 
and at the same time, higher education has an important 
contribution to the financial development and science and 
technology innovation capacity of resource-based regions. 


To sum up, there are a lot of studies on the relationship 
between education level, financial development and 
economic growth and between the three at home and abroad, 
and certain research results have been achieved. 


The consensus is that there is a certain correlation 
between education level, financial development and 
economic growth and between the three. 


However, relatively speaking, not many scholars in China 
have studied the above-mentioned series of issues, especially 
in-depth regional studies, and most of them have focused 
on the relationship between the two or the three from a 
qualitative perspective, lacking more detailed and in-depth 
studies that quantify the influencing factors into specific 
indicators for examination. 


Therefore, this paper will study the correlation, causality 
and coupled coordination among education, finance and 
economy in China’s regions, taking Hubei Province as an 
example, and analyze the correlation among education, 
finance and economy in Hubei Province in the past decade, 
so as to draw corresponding conclusions and put forward 
corresponding effective suggestions to provide a scientific 
theoretical basis for the rational regulation of coordinated 
development in Hubei Province and the whole country. 


Research Content and Framework 


The research in this paper is divided into two core parts: 
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e Correlation Analysis of Education, Finance and 
Economy in Hubei Province: Since the reform and 
opening up, China has made excellent achievements 
and obvious progress in all aspects and the relationship 
between regional education, finance and economy has 
been constantly influencing each other and the conflicts 
have become increasingly intense, so it is necessary 
to study the relationship between regional education, 
finance and economy. This paper first uses Pearson 
correlation coefficient to study the correlation between 
education, finance and economy. 

To further investigate the correlation between the three, 

Copula entropy is chosen to compare the degree of influence, 

and on this basis, the causality between the twois investigated 

to support the conclusion. 


e Analysis of the Coordination of Education, Finance 
and Economy in Hubei Province: In the study of (1), it 
was found that regional education, finance and economy 
have a strong correlation. To further confirm that the 
three are mutually supportive and symbiotic, this paper 
uses the entropy weighting method to calculate the 
weights of each subsystem and analyse the development 
index of each subsystem, followed by the construction 
of a coupling coordination degree model to analyse the 
changes of the interactive coupling coordination degree 
of the two systems, as well as to analyse the trend of the 
coupling coordination degree of the three systems. 


The research framework of this paper is shown in Figure 1.1 
below: 
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Figure 1.1: Framework of full-text research content. 
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Innovation Points 


1. The current method of correlation analysis between 
education, finance and economy mostly uses Pearson 
correlation coefficient analysis, which is only applicable 
to the case of linear bivariate. Therefore, in this paper, 
authors combine Copula entropy to conduct analysis on 
this basis, not only to compare the depth of influence 
between the three, but also to study the causality 
between the two to help draw conclusions. 

2. In the regional perspective, authors study the 
representative and exemplary data of Hubei Province, 
quantify the influencing factors into specific indicators 
for correlation and coordination analysis between two 
or three systems of education, finance and economy 
as a whole, and compare them, so as to explore not 
only the overall correlation and coordination degree of 
correlation and coordination among education, finance 
and economy in Hubei Province, but also the differences 
and the degree of coordination between three systems 
and two systems. It is also possible to explore the 
differences and the strength of the influence between 
the three systems and the two systems.. 


The’ Relationship between Education, 


Finance and the Economy 


The Relationship between Economy and 
Education 


Education and Regional Economy are Interdependent 
and Mutually Reinforcing: The level of development of 
productivity is consistent with the level of development 
of education. Generally speaking, in regions with rapid 
economic development, education also develops faster, while 
in regions with slow economic development, education also 
lags behind relatively. Regional economic development not 
only provides the material and technical conditions needed 
for education development, but also puts forward objective 
requirements for education, i.e., education is required to 
provide more scientific and technological achievements 
and human resources to promote regional economic 
development. It can be seen that there is an interdependent 
and mutually promoting relationship between regional 
economic development and education [23]. 


Education and Regional Economy Influence and 
Constrain Each Other: Education influences the dynamics 
of socio-economic development and the degree of 
sustainability by increasing the level and quality of human 
capital accumulation. Demand for education is divided into 
two aspects: social demand and individual demand. However, 
both social and individual needs are often influenced by 
multiple factors such as political, economic and cultural 
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factors, among which the most critical influencing factor 
remains the state of economic development. The economic 
foundation is the material basis of all human social activities. 
The level of economic development determines the level and 
scale of investment in education, and the speed and degree of 
economic development determines the demand for human 
capital for social development, which in turn affects the scale, 
level and structure of human capital cultivated by education. 
Only when the overall level of socio-economic development 
is higher, the scale of education will be expanded accordingly, 
and there will be new demands for the level and professional 
structure of talents. As can be seen, the two influence and 
constrain each other [23]. 


The Relationship between Economy and Finance 


Economic Development is the Determining Factor of 
Finance: Economic development is the key to finance, and 
finance is secondary, economic growth in the short term is 
conducive to financial stability, finance cannot be superior 
to economic development; financial services in economic 
development, when the financial cycle is relatively smooth 
helps economic growth, but in the uncertain financial cycle, 
it can also bring negative effects and negative effects [24]. 
Economic development has a decisive influence on finance, 
which is manifested as follows: firstly, finance is born in the 
commodity economy and continues to develop along with 
it; secondly, the differences in financial demand at different 
stages of commodity economy development determine the 
financial structure, stage of financial development and the 
level of financial development in China. 


Finance as a Driving Force for Economic Development 
Factors: Finance promotes economic development mainly 
in the following four aspects [24]. Firstly, financial operation 
can provide a variety of favourable environment for economic 
development; secondly, the basic function of finance 
can provide a variety of financing support for economic 
development; furthermore, operating financial institutions 
can effectively promote economic development; finally, the 
productive value-added of finance itself has a direct role in 
promoting economic development. 


The Relationship between Education and 
Finance. 


Simply, financial development can provide the 
financial needs for economic development, and economic 
development promotes the development of education. 
Financial development promotes economic development 
mainly by improving the efficiency of investment conversion 
of savings, which is based on an effective financial system 
and financial market medium. Furthermore, financial 
development can provide a good market environment for 
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economic development and effectively guarantee stable 
economic growth. 


To sum up, authors should correctly handle the 
relationship between education, finance and economic 
development, follow the principle of balance and interaction, 
and consciously make dynamic adjustments to ensure the 
organic unity of the development of the three. 


Optimal Arrangement of Heliostat Field. 


Descriptive Statistics of the Current Status of 
Education, Finance and Economic Development 


Education Level Development: Education level refers to the 
extent to which people receive education, and the education 
level of a country plays a key role in its future development. 
Since the reform and opening up, China’s education 
development has made rapid progress, but the problem of 
imbalance in regional education development has become 
increasingly serious. Although there is no clear definition 
of the concept of educational equity in China, scholars 
from different aspects and regions have made relevant 
explanations for it, mainly including the following three 
views: First, equal educational rights and equal educational 
opportunities. Now China has realized nine-year compulsory 
education. Therefore, education is a basic right enjoyed by 
every citizen and cannot be influenced by one’s background 
of origin, economic strength and social status, and the state 


Open Access Journal of Data Science & Artificial Intelligence 


also has the responsibility to ensure that every citizen enjoys 
equal access to education and the right to education. Second 
is the equal matching of educational resources. The state 
should ensure that every citizen has equal and fair access to 
public educational resources. Educational resources should 
be allocated to match local economic development so that 
they can be used to maximum advantage and promote better 
economic and social development. 


Currently China as a whole is divided into eastern (11 
provinces and cities), central (8 provinces and cities) and 
western (12 provinces and regions), of which, for the time 
being, Hong Kong, Macao and Taiwan are not considered, as 
follows: 


Eastern region: Beijing, Fujian, Guangdong, Hainan, Hebei, 
Jiangsu, Liaoning, Shanghai, Shandong, Tianjin, Zhejiang; 
Central region: Anhui, Heilongjiang, Jiangxi, Hubei, Hunan, 
Henan, Jilin, Shanxi; Western region: Chongqing, Guizhou, 
Gansu, Guangxi, Qinghai, Inner Mongolia, Ningxia, Shaanxi, 
Sichuan, Yunnan, Xinjiang, Tibet. 


According to the China Statistical Yearbook 2021, the 
number of general higher education schools and the number 
of full-time teachers in general higher education in each 
region are selected as indicators, from which the education 
development of each province and city in the country in 2020 
can be derived, as shown in Figure 2.1. 


Figure 2.1: Number of general higher education schools and number of full-time teachers in general higher education 


institutions by region. 
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From Figure 2.1, it can be seen that the highest number region, and the western region is relatively backward in 
of general higher education schools in 2020 is 167 in Jiangsu terms of education level development. That is, the problem 
and the lowest is 7 in Tibet, and the number of general higher of unbalanced development of regional education is still 
education schools in Jiangsu is almost 24 times higher than more serious in 2020. 
the number of general higher education schools in Tibet. 

Meanwhile, the highest number of full-time teachers in Financial Construction Development: When people 
general higher education institutions is 133,367 in Henan mention finance, they first think of money. In fact, finance 
and the lowest is 2,712 in Tibet, and the number of full-time refers to a series of economic activities including the issuance 
teachers in Henan is about 49 times higher than the number and circulation of money, the issuance and recovery of loans, 
of full-time teachers in Tibet. the withdrawal of deposits, remittances and exchanges, etc. 

It is a dynamic process. Therefore, financial development 

From the distribution of the graph, the following refers to the changes in the volume of financial transactions 
information can be obtained: the overall educational carried out in a short period of time, as well as the changes 
development of China’s regions is uneven, showing a ladder- in the scale of finance in different periods. A good financial 
like distribution. In a comprehensive view, the overall development means the expansion of financial scale, the 
number of general higher education schools and full-time increase of financial assets and the increase of the number of 
teachers of general higher education institutions in the financial products [24]. 
eastern region are 1142 and 812,480, respectively, while 
862 and 566,538 in the central region and 734 and 453,964 According to the China Statistical Yearbook 2021, the 
in the western region, respectively. Therefore, the overall number of listed companies and the total assets of insurance 
number of general higher education schools and the number companies from 2002 to 2020 were selected as indicators, 
of full-time teachers in general higher education institutions from which the financial development in the country in 
are the highest in the eastern region, followed by the central recent years can be derived, as shown in Figure 2.2. 
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Figure 2.2: Number of listed companies and total assets of insurance companies, 2002-2020. 


From Figure 2.2, it can be seen that from 2002 to 2020, Finance is in a key position in the economy, which is 
the number of listed companies and total assets of insurance related to economic development and social stability, and 
companies in China are on the rise, and the rate of increase is has the role of optimizing resource allocation as well as 
slowly accelerating. supervising, reflecting and regulating the economy. 
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Economic Level Development. 

China’s economic development is mainly reflected in the 
following three aspects: whether the total economic volume 
increases, whether the quality of the economy improves, 
and whether the economic structure is optimized [24]. The 
growth of economic volume is achieved by looking at the 
quantity of products and services in the country or a region. 
The growth of economic volume is achieved by observing 
the quantity of products and services of the whole country 
or a certain region; economic quality refers to the economic 
efficiency of the whole country ora certain region. At the same 
time, economic efficiency also includes human environment, 
natural environment and sustainable development, etc.; while 
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economic structure refers to the industrial, technological, 
distribution and consumption structure of the country or 
a region. Economic structure optimization means that the 
above-mentioned structures are improved at a higher level. 
Therefore, when measuring economic development, the 
indicators of economic development are mainly growth, 
quality and structure. 


According to the China Statistical Yearbook 2021, the GDP 
from 2002 to 2020 and the GDP of each region are selected 
as indicators, from which the economic development of the 
country in recent years can be derived, as shown in Figures 
2.3 and 2.4. 
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Figure 2.3: GDP 2002-2020. 


In Figure 2.3, it can be seen that from 2002 to 2020, our 
GDP is on an upward trend and the rate of increase is slowly 


accelerating. 
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From Figure 2.4, it can be seen that the highest regional 
GDP in 2020 is 110,760.94 billion yuan in Guangdong and 
the lowest is 190,274 billion yuan in Tibet, and the regional 
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GDP of Guangdong is almost 58 times of the regional GDP of 
Tibet. 
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From the distribution of the graph, the following 
information can be obtained: the economic development of 
China’s regions is also uneven in general, showing a ladder- 
like distribution. In a comprehensive view, the regional GDP 
of the eastern region is 550,867.25 billion RMB, that of the 
central region is 248,255.90 billion RMB, and that of the 
western region is 213,291.87 billion RMB. Therefore, the 
eastern region ranks first in terms of GDP, followed by the 
central region, and the western region lags behind in terms 
of development. That is, there is also an imbalance in regional 
economic development in 2020. 


Selection of Indicators 


In order to further explore the relationship between 
regional education, finance and economy in Hubei Province, 
a representative city in China, authors follow the principles 
of comparability, hierarchy, comprehensiveness and 
representativeness of data, select the indicators that can 
objectively reflect the development of regional education, 
finance and economy, and combine them with the actual 
situation in Hubei Province. The three systems of regional 
education, financial and economic development were 
constructed from 12 indicators at three levels: regional 
education development, financial development level and 
economic development level. The research unit is Hubei 
Province, and the research period is 2005-2020, with the 
level of education development, financial development and 
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economic development of Hubei Province as the research 
object. All data are obtained from the Hubei Provincial 
Statistical Yearbook from 2005 to 2020, and the missing data 
are supplemented by the average growth rate. Specific data 
are shown in Tables 1-3 in the Appendix. 


Pearson Correlation Analysis 


Model Introduction and Modeling Steps 

Normality Test: For binary normal data, the sample 
correlation coefficient is the maximum likelihood estimate 
of the overall correlation coefficient, which is asymptotically 
unbiased and valid. Thatis, the correlation between variables 
can be estimated accurately when the data come from a 
normal distribution and the sample size is moderate or large 
enough. In contrast, samples from non-normal distributions 
may not be valid estimates, although the correlation 
coefficients still remain asymptotically unbiased. Therefore, 
in this paper, the normal distribution test is conducted first, 
and the K-S one-sample test is the most commonly used test 
for normal distribution, and the results are obtained using 
IBM SPSS 24 software as shown in Table 2.1 below. 


The results show that all the indicators conform to 
normal distribution except for the number of general college 
graduates and the number of general higher education 
institutions. 


Original Hypothesis Inspection Significance Decision-Making 

The ciseab ation biyest oun palenees pide posts Ok One-sample K-S test 0.2 Retain original assumptions 
financial institutions is normal 
The distribution of year-end balances of loans to financial One-sample K-S test 0.2 Hetain draimal assumptions 
institutions is normal 

Regional GDP GDP is normally distributed One-sample K-S test 0.2 Retain original assumptions 
Regional GDP per capita is normally distributed One-sample K-S test 0.2 Retain original assumptions 
The consumption level of residents is normally distributed | One-sample K-S test 0.2 Retain original assumptions 
Total social fixed asset investment is normally distributed | One-sample K-S test 0.2 Retain original assumptions 


The number of students enrolled in general colleges and 


universities is normally distributed One sample Keotesk vo 


Retain original assumptions 


The number of full-time faculty in colleges and universities 


is normally distributed One Sat Ple Est eon? 


Retain original assumptions 


The number of general college graduates is normally 
distributed 
The number of enrollment in general higher education 
institutions is normally distributed 


One-sample K-S test 0.03 Reject the original hypothesis 


One-sample K-S test 0.149 Retain original assumptions 


The number of general higher education institutions is 


normally distributed One sam Pleo test e 


Reject the original hypothesis 


The number of graduate students enrolled in higher 


education is normally distributed One sample lea test ie 


Retain original assumptions 


Table 2-1: K-S one-sample test. 
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Correlation Coefficient: Pearson correlation coefficient is 
a method used to determine whether two sets of data are 
on a straight line, that is, a method to determine the linear 
relationship between the variables, generally denoted by 
the letter r, which can reflect the closeness of the correlation 
between two variables, and its definition formula is: 


YC -7,-7) 


(2-1) 


Ya Lo-y 


Where n denotes the sample size, x, denotes the value of 
GDP for the total level of the economy, y,denotes_ the value of 
the variable for higher education, and x and y denote the 
mean of the variables. 


Coefficient Judgment Rules: In general, the value of ranges 
from 0 to 1. The closer the value of is to 1, the stronger the 
correlation between the two variables x and y. Conversely, 
the closer the value of is to 0, the weaker the correlation 
between the two variables x and y. 


The Pearson correlation coefficient, which reflects the 
correlation coefficient between the two indicators of 
economy and education, is specified as follows: 

O< | ~< 0.3 , then the two indicators are not correlated. 


1. 0.3<|r|<0.5, then the two indicators are low 
Z correlated. 

O.5< "| < ().8 , then the two indicators are moderately 
2 correlated. 

0.8<|r\<1, then the two indicators are highly 
- correlated. 


Correlation Analysis of Results: The IBM SPSS 24 software 
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was used to analyse the sample data and was able to derive 
the degree of correlation between various indicators of 
education, finance and economy. 


Correlation between Education and Economy: Higher 
education is an accurate indicator of education, and the 
number of students in general colleges and universities is 
an indicator of the level of higher education in China, and an 
increase in the number of students in general colleges and 
universities indicates an increasing enrolment in colleges 
and universities. 


The correlation between the number of students in 
general colleges and universities and GDP can reflect the 
investment in higher education in a country. 


Table 2.2 shows the test results output by SPSS 
software based on the correlation analysis between GDP 
and the number of students enrolled in general colleges 
and universities in Hubei province during 2005-2020, it can 
be seen that there is a significant correlation between GDP 
and the number of students enrolled in general colleges and 
universities, with a p-value of 0.000 significantly less than for 
0.01, which passed the significance test, and the correlation 
between them is strong and linear, with a value of Pearson 
correlation coefficient is 0.909, which is greater than 0.8 and 
is highly correlated. 


Therefore, for Hubei Province, during the nearly 16 
years of development from 2005 to 2020, the investment 
in education in Hubei Province has increased, which has 
well driven the economic development of the whole Hubei 
Province. 


With the continuous improvement of Hubei’s economy 
year by year, it in turn drives the development of education. 


: Number of Students Enrolled in 
Gross Regional Product : on 
aaa: General Colleges and Universities 
GDP (billion yuan) 
(Persons) 
Pearson Correlation 1 .909** 
Gross regional product ar : 
GDP (billion yuan) Significance (two-tailed) 0 
Number of cases 16 16 
Number of students Pearson Correlation .909** 1 
enrolled in general Significance (two-tailed) 0 
colleges and universities 
(persons) Number of cases 16 16 
** Significant correlation at the 0.01 level (two-tailed). 


Table 2.2: Correlation test between GDP and the number of students enrolled in general universities. 
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The economic indicators, including GDP of regional 
gross product, GDP per capita, consumption level of 
residents, and investment in fixed assets of the whole 
society, were tested in the same way with the educational 
indicators, namely the number of students in general 
colleges and universities, the number of full-time teachers 
in colleges and universities, and the number of enrolment 
in general colleges and universities and the number of 
graduate students in colleges and universities, and the 
results are presented in the form of Table 3.3 as follows. 
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The results show that education indicators and economic 
indicators are significantly correlated with each other, and 
the p-value is 0.000 significantly less than for 0.01, which 
passes the significance test, and the correlation degree 
between them is strong and linear. The Pearson correlation 
coefficient between the number of enrolment in general 
higher education institutions and the investment in fixed 
assets of the whole society is 0.794, which is a moderate 
correlation. 


Regional Resident Total social 
Classification Indicators GDP GDP per | consumption | fixed asset 
capita level investment 
Peele Number of students enrolled in general 0 0 0 0 
colleges and universities 
Number of full-time faculty in colleges and 0 0 0 0 
universities 
Number of enrollment in general higher 0 0 0 0 
education institutions 
Number of graduate students in higher 
; 0 0 0 0 
education 
Pearson Rumen Ore idee ee eee 0.909 0.915 0.847 0.886 
colleges and universities 
Correlation Number of full-time faculty in colleges and 0.906 0.912 0.841 0.888 
coefficient universities 
Number of enrollment in general higher 0.833 0.839 0.81 0.794 
education institutions 
Number of graduate students in higher 0.968 0.97 0.978 0.968 
education 


Table 2.3: P-values and Pearson correlation coefficients of correlation tests between educational indicators and economic 


indicators. 


In summary, there is a strong linear correlation 
between the level of economic development and the level of 
educational development in Hubei Province. 


The Degree of Correlation between Economy and 
Finance: The economic indicators, including GDP of 
regional GDP, GDP per capita, consumption level of 
residents, and investment in fixed assets of the whole 
society, and the financial indicators, including the year- 
end balance of domestic and foreign currency deposits 
of financial institutions (including foreign capital) and 
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the year-end balance of domestic and foreign currency 
loans of financial institutions (including foreign capital), 
were tested by Pearson correlation coefficient, and the 
results are presented in the form of Table 3.4 as follows. 
The results show that education indicators and financial 
indicators are significantly correlated with each other, 
and the p-value is 0.000 significantly less than 0.01, which 
passed the significance test, and the correlation between 
them is strong and linear, and the values of their Pearson 
correlation coefficients are all greater than 0.8, which are 
highly correlated. 
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Classifi : General PulPame erueles bigher Higher 
: Indicators ‘ a in higher education é 
cation Universities F Sake ea Education 
education institutions 
Number of Number of Number of 
; Number of 
students in seachers students enrolled graduate 
school enrolled students 
Financial institutions (including foreign 
P-value capital) year-end balance of domestic and 0 0 0 0 
foreign currency deposits 
Financial institutions (including foreign 
capital) year-end balance of domestic and 0 0 0 0 
foreign currency loans 
Financial institutions (including foreign 
Pearson capital) year-end balance of domestic and 0.907 0.894 0.851 0.978 
foreign currency deposits 
Garciseon, Financial institutions (including foreign 
oF capital) year-end balance of domestic and 0.869 0.834 0.866 0.981 
coefficient ‘ 
foreign currency loans 


Table 2.4: P-values and Pearson correlation coefficients of the correlation test between financial and economic indicators. 


In summary, there is a strong linear correlation between 
the level of economic development and the level of financial 
development in Hubei Province. 


Relevance of Education to Finance: The education 
indicators are the number of students in general colleges and 
universities, the number of full-time teachers in colleges and 
universities, the number of enrolment in general colleges 
and universities and the number of graduate students 
in colleges and universities, and the financial indicators 
including the year-end balance of deposits in domestic and 
foreign currencies of financial institutions (including foreign 


capital) and the year-end balance of loans in domestic and 
foreign currencies of financial institutions (including foreign 
capital) were tested by Pearson correlation coefficient, and 
the results are presented in the form of Table 2.5 as follows. 
The results show that education indicators and financial 
indicators are significantly correlated with each other, and 
the p-value is 0.000 significantly less thana@ 0.01, which 
passed the significance test, and the correlation between 
them is strong and linear, and the values of their Pearson 
correlation coefficients are all greater than 0.8, which are 
highly correlated. 


Classifi ; General Full ame Benet al pieben Higher 
: Indicators : cag in higher education : 
cation Universities : ier aees Education 
education institutions 
Number of Number of Number of 
i Number of 
students in a students enrolled graduate 
school enrolled students 
Financial institutions (including foreign 
P-value | capital) year-end balance of domestic and 0 0 0 0 
foreign currency deposits 
Financial institutions (including foreign 
capital) year-end balance of domestic and 0 0 0 0 
foreign currency loans 
Financial institutions (including foreign 
Pearson | capital) year-end balance of domestic and 0.907 0.894 0.851 0.978 
foreign currency deposits 
eae Financial institutions (including foreign 
Ae capital) year-end balance of domestic and 0.869 0.834 0.866 0.981 
coefficient : 
foreign currency loans 


Table 2.5: P-values and Pearson correlation coefficients of correlation tests between educational and financial indicators. 
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In summary, there is a strong linear correlation between 
the level of educational development and the level of financial 
development in Hubei Province. 


The Pearson correlation coefficient is an important 
correlation measure concept in the history of statistics and 
is widely used, but it has many limitations because it is a 
concept introduced early in statistics. First, theoretically, 
it is only applicable to the linear case, implicitly assuming 
a Gaussian distribution, which makes it inapplicable in 
most practical situations. Secondly, it is a bivariate metric 
concept, and there is no multivariate version of it. Finally, 
because the two metrics, the number of general college 
graduates and the number of general higher education 
institutions, do not pass the normality test, no Pearson 
correlation coefficient test is conducted in this section for 
these two metrics. In summary, this paper will continue to 
use Copula entropy [25-27] (Copula Entropy, hereinafter 
referred to as CE) to supplement as well as to conduct 
causality analysis. 


Copula Entropy Correlation and Causality 
Analysis 


CE is a more advanced correlation measure that 
has significant advantages over the Pearson correlation 
coefficient. First, it has no assumptions of linearity and 
Gaussianity and is a multivariate correlation measure. 
Secondly, CE also has monotonic transformation invariance. 
Finally, in the case of Gaussian distribution, it is equivalent to 
the correlation coefficient. The following are the advantages 
of CE: 

No model assumptions; 

Can handle non-linear relationships; 

Statistical independence measures; 

Monotonic transformation invariance; 

CE is equivalent to the correlation coefficient in the 
Gaussian case. 


MU ePwN 


Model Introduction: Given the joint distribution function 
F(X), the marginal distribution function and the Copula 
function c(u) for any N-dimensional random variable X, the 
joint distribution function can be expressed as 


F(x) =C(R(%).(F(%,)) (2-2) 
Then CE is defined as 


H,(x)=- I, c(u)logc(u)du (2-3) 
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Estimated ECD: 
1d 
F.(x,) = =>" x(x} <x,) (2-4) 
‘ieee; 
Then TE is defined as 


TE =-H_(Y,,,,Y',X,)+HAY,,,,Y)+H,(Y',X,)-H(Y') 


i+]? 
(2-5) 


Where u denotes the marginal distribution function of 
Xu, = F(x,),1=1,...., N, X is the cause and Y is the effect. 


Correlation Analysis of Results: After completing the work 
of model building, the sample data were analyzed using R 
software and were able to derive the degree of correlation 
between various indicators of education, finance and 
economy. Unlike the Pearson correlation coefficient, which 
measures the degree of correlation and is a relative quantity, 
and therefore has a fixed range of values, the CE measures 
the amount of information of correlation and is an absolute 
quantity without a clear upper limit, so there is no uniform 
numerical standard to decide whether it is correlated or not, 
and the standard threshold of correlation has to be decided 
according to the specific situation. 


Figure 2.5 and Table 2.6 are the summary of the results 
output by R based on the correlation analysis of education, 
finance and economy in Hubei Province from 2005 to 2020, it 
can be seen that for Hubei Province, the correlation between 
finance and economy is the highest, education and economy 
is the second, and education and finance is currently the 
most backward correlation during the development process 
of the last 16 years from 2005 to 2020. And the correlation 
between education, finance and economy is inferior to the 
correlation between finance and economy both, and superior 
to the correlation between education and economy both and 
education and finance both. 


Indicators CE 
Education and Finance 2.5421 
Education and Economy 3.6322 
Finance and Economy 6.0433 
Education, Finance and Economics 4.7223 


Table 2.6: CE of both or all three: Economics, Finance and 
Education. 
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Figure 2.5: Joint distribution of 12 measurements (upper panel) & estimated empirical covariance (lower panel). 
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Causality Analysis of Results: As the most common variable, 
this paper selects the indicator of gross regional product 
(GDP) to characterize the total development level aspect 
of the regional economy. Firstly, GDP has been favoured 
by many scholars as a necessary reference indicator for 
economic analysis. Second, GDP can well reflect the economic 


Zhao B, et al. Statistical Analysis on Economic Development in China. J Data Sci Artificial Int 2023, 


1(1): 000109. 


development of a region, so this paper uses the core variable 
of GDP to represent the total level of regional economy. 


The selection of indicators is then based on the 


comparison of the relationship with the strength of 
correlation with the variable GDP, and the two indicators 
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with higher correlation are selected for the causality analysis. 


Table 2.7 is the summary of the results output by R based 
on the correlation analysis of GDP with education and finance 
related indicators in Hubei province from 2005 to 2020, 
it can be seen that for Hubei province, in the development 
process of the last 16 years from 2005 to 2020, two indicators 
of GDP and finance have the same correlation, and among 
the six indicators of education have the highest correlation 
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with the number of graduate students in higher education, 
so education For the indicators of education, finance and 
economy, authors choose: the number of graduate students in 
higher education and the number of general higher education 
institutions, the year-end balance of domestic and foreign 
currency deposits of financial institutions (including foreign 
capital) and the year-end balance of domestic and foreign 
currency loans of financial institutions (including foreign 
capital), GDP and regional GDP per capita, respectively. 


Classification Indicators CE 
Rindnee Financial institutions pie ea Us ie balance of domestic and 0.8023 
Financial institutions (including foreign capital) year-end balance of domestic and 0.8023 
foreign currency loans 
Education Number of students enrolled in general colleges and universities 0.4718 
Number of full-time faculty in colleges and universities 0.6649 
Number of general college graduates 0.253 
Number of enrollment in general higher education institutions 0.0877 
Number of general higher education institutions 0.7186 
Number of graduate students in higher education 0.8023 


Table 2.7: CE of GDP and financial indicators and education indicators 


Figures 2.6, 2.7, and 2.8 are a summary of the results 
output by R based on the causality analysis of economic and 
education and finance-related indicators in Hubei Province 
from 2005 to 2020. 


As can be seen from Figure 2.6, for Hubei Province, the 


causality of the two influences of education on the economy 
over the nearly 16 years of development from 2005-2020, 
outcome 1 is relatively flat in the first 10 hours of time lag, 
while outcome 2 is up and down, but both factors reach a 
trough in the 11-hour time lag, and in general, the trends are 
not similar. 


a 


GDP+Deposit 


lag (years} 


Transfer Entropy 


GDP+Loan 


Figure 2.6: TE of Education and Economy. 
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As can be seen in Figure 2.7, for Hubei Province, the 
causality results of both influences of the economy on finance 
rise slowly with a 12-hour time lag over the nearly 16 years 


of development from 2005-2020, and in general, the trends 


are very similar and nearly identical. 
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Figure 2.7: TE of Finance and Economy. 
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As can be seen in Figure 2.8, for Hubei Province, the 
causality of two influences of education on finance over the 
nearly 16 years of development from 2005-2020, outcome 
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one rises slowly over a 12-hour time lag, while outcome two 
goes up and down, but both factors peak over a 12-hour time 
lag, and in general, the trends are not similar. 
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Figure 2.8: TE in Finance and Education. 
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In summary, the causality between education and 
economy and education and finance may not be immediately 
apparent, but rather a cumulative process and they have a 
relatively greater impact 10 hours later, while some causality 
may exist for finance and economy. 


Summary of this Section 


In summary, whether from the results of Pearson 
correlation coefficient or Copula Entropy, there is a strong 
correlation between the level of economic development and 
the level of education development, between the level of 
economic developmentand the level of financial development, 
and between the level of education development and the level 
of financial development in Hubei Province. The correlation 
between finance and economy is the highest, education and 
economy is the second, and education and finance is the most 
backward. And the correlation between education, finance 
and economy is inferior to the correlation between finance 
and economy both, and superior to the correlation between 
education and economy both and education and finance 
both. This also indicates that the coordinated development 
of the three systems is more worthy of attention than the 
two systems. If the government increases the investment 
in education, it can well drive the economic and financial 
development of the whole Hubei province; if it increases 
the investment in economy, it can well drive the education 
and financial development of the whole Hubei province; if 
it increases the investment in finance, it can well drive the 
economic and educational development of the whole Hubei 
province. 


Therefore, in the future development, at the time of 
rapid economic and financial development, the government 
should pay more attention to the current slow development 
of education level, invest more on education, strengthen the 
system management, make the development of education 
more efficient and comprehensive, and finally promote the 
complementary and coordinated development between 
education, finance and economy. 


Analysis of the Harmonization of Education, 
Finance and the Economy 


In the previous study, it was found that regional 
education, finance and economy have a strong correlation. 
In order to further confirm that the three are mutually 
supportive and symbiotic, it is necessary to pay attention 
to the coordinated development of the three. When the 
development among regional education, finance and 
economy is coordinated, enhancing education can promote 
the good operation of finance and economy, growing finance 
can promote the good operation of education and economy, 
and enhancing economy can promote the good operation 
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of education and finance; when the coordination among 
regional education, finance and economy is unbalanced, the 
three may have lagging development or even influence each 
other. 


Index System Construction and _ Research 
Method 


Data Selection: According to the availability and 
comparability of statistical data, the same indicators and data 
as in Chapter 3 are selected to initially construct the dynamic 
imbalance between education, finance and economic 
development, taking into account the real situation in Hubei 
Province. 

Standardization of Index Values: It is necessary to 
determine the positive and negative nature of the indicators 
before standardizing the indicator values. Among them, 
positive indicators refer to indicators that develop forward 
and grow upward to bring positive benefits or good effects 
to the subject’s results; while negative indicators (also called 
negative indicators and reverse indicators) refer to indicators 
that develop forward and grow upward to bring negative 
benefits or worse effects to the subject’s results. The larger 
the positive indicator, the better, and the smaller the inverse 
indicator, the better. Commonly used de-rating methods are 
standardization method, extreme value processing method 
and efficacy coefficient method, this paper uses the extreme 
value processing method [28,29]. In this paper, authors use 
the extreme value method. 


The formula for calculating the positive indicator is as 
follows: 


‘ x, — min(Xx,,) 
Xj = Y Y 


(3-1) 


max(x,,) — min(x,,) 
The formula for calculating the inverse indicator is as follows: 
‘ max(Xx,,) — Xj; 


— 3-2 
“0 nax(x,)—-ming,) 


Where, X;, is the standardized value of the j” indicator in 
year i, i=2005.,...,2020, j=1,...,12, and X,, are the actual values 
of the j“ indicator in year i. The final calculation results 
may have zero values, and in order to make the logarithm 
meaningful when calculating the weights, the data need to be 
non-zeroed, and the specific standardized data are shown in 
Tables 8-10 in the following appendix. 


Confirmation of Indicator Weights: There are many 
methods to calculate the weights, including quantitative 
statistics, hierarchical analysis, pairwise comparison and 
principal component analysis, etc. In this paper, authors 
mainly use the inverse entropy method, which is rarely 
used in the objective weighting method, to assign weights to 
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indicators. First, the inverse entropy method can circumvent 
the extreme situation of indicator failure. Second, the 
inverse entropy method can reflect the differences between 
indicators. Finally, the inverse entropy method can reduce 
the subjective errors caused by human assignment in the 
case of limited sample size. 
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2020 
R,=- > 7, xIn(-7,) (3-4) 
i=2005 
Step 2: Confirm the weights @ F 


oa ? (3-5) 
Step 1: Calculate the inverse entropy vale R,; R, 
Xj j=l 
‘yj -=am _ @&-3) 
x" The system of quality indicators for the coupled 
=oane a development of the three systems of education, finance and 
economic growth is shown in Table 3.1 below. 
Subsystems Basic indicators bese sori : 
Education System Number of students in general colleges and universities/person + 0.092 
Number of full-time faculty in higher education/person + 0.104 
Number of general college graduates/person + 0.087 
Number of students enrolled in general higher education institutions/person + 0.087 
Number of general higher education institutions/institutes + 0.095 
Number of graduate students in higher education/person + 0.092 
Financial System Year-end balance of deposits in financial institutions/billion yuan + 0.07 
Year-end balance of loans to financial institutions / billion yuan + 0.068 
Economic System Gross regional product GDP /billion yuan + 0.064 
Per capita regional GDP/$ + 0.074 
Resident consumption level/yuan + 0.076 
Total social fixed asset investment/billion yuan + 0.091 


Table 3.1: Hubei Education, Finance and Economy Coupling Coordination Index System. 


Calculation of Development Index: The subsystems of 
education level, financial development, and economic growth 
are denoted by J, F. E and, respectively, and the development 
indices of each subsystem U, , U,., U,, and are calculated 
as follows [30] 


m 


U,=>00, Os eee) (4-6) 
j=l 


By weighting and summing the indicators of each 
subsystem, the coupled development index of education, 
finance and economy is derived. 


Coupling Coordination Evaluation Analysis: Coupling 
refers to the phenomenon that two or more systems are 
affected by various interactions and is a reflection of the 
dynamic connection between the systems. If multiple 
subsystems are positively coupled, the original properties 
of the subsystems will change, making them higher-level 
systems. The degree of coupling describes the possibility of 
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a system becoming a higher-level system and the degree of 
influence of interactions [31,32]. 


The coupling degree model of the two systems is as follows: 


= UU, : (3-7) 
° | U,+U,y 


The three-system coupling degree model is as follows: 


1 
U,U,U, | i (3-8) 


ms ‘lz +U, (UU, +U,)Up +Uz) 


Among them, U,and U,, represent the development 
index of each subsystem respectively, and R, represents 
the coupling degree, which belongs to [0,1]. The specific data 
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of the coupling degree of the three systems of education, 
finance and economic growth are shown in Table 11 in the 
following appendix. 


However, the coupling degree generally refers to the 
degree of interaction between systems, which means that 
the coupling degree does not reflect the level of synergistic 
assessment among systems well. Therefore, a coupling 
coordination degree model is invoked on this basis to measure 
the level of synergistic assessment of multiple systems to 
reflect the orderly development and good coupling synergy 
of the systems. The model organically combines the coupling 
status of each subsystem R, and the evaluation level 7" to 
make the collaboration of each system more adequate and 
to assess the coordination level of each subsystem [30]. The 


calculation formula is: 
1 


Di =(R,+T,)? (3-9) 


T,=)>\aU,,n=2,4,6 (3-10) 


i=l 
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In the above two equations,D is the coupling 
coordination degree; 7” is the integrated development index 
among several subsystems in the region; d, is the coefficient 
of subsystem to be determined. 


Also, since these three subsystems have the same 
importance in the study of system interaction, the weights 
are taken as the average of the total weights1. Based on this, 
the two-system coupling degree model is used to calculate 
and analyse the coupling development of education level- 
financial development (JF system), education level-economic 
growth (JE system) and financial development-economic 
growth (FE system), and the coupling relationship of 
education level-financial development-economic growth 
(JFE system) is explored using the theory of three-system 
coupling degree model. This paper refers to Jin U, et al. 
[33] classification for the detailed classification of coupling 
coordination degree, and the settings are shown in Table 3.3. 


Ceo, U, =U, Obl. 
Simultaneous 
U, Lagging type evaluative U, Lagging type 
0<R, <03 0.3<R <05 0.5<R <0.8 0.8<R <1 
Low-level phase of relative exclusion fly down stage Grihdiy and optunizaHon ‘ Heh vel Of 
phase integration stage 
0<D, <0.4 0.4<D,<0.6 0.6<D, <1 
Transition 
Dislocation recession interval reconciliation Coordinated evaluation interval 
interval 
0.00-0.09 0.10-0.19 0.20-0.29 0.30-0.39 | 0.40-0.49 |0.50-0.59} 0.60-0.69 | 0.70-0.79 |0.80-0.89 |0.90-1.00 
on the : F : 
gaeool barely | Primary |Intermediate] Good Quality 
cabins | ens cea ae ; ; Coordi Coordi Coordi Coordi | Coordi 
dysfunctional |dysfunctional| dysregulation |dysregulation| Disorders ; ‘ : : : 
; : ‘ ; nation nation nation nation nation 
recession decline recession recession 
F Develop| Develop Develop Develop | Develop 
Recession 
ment ment ment ment ment 


Table 3.3: Classification criteria of coupling coordination 


Oo Convergence Test: Theo convergence test allows 
measuring the discrete degree of development of coupling 
coordination between JF, JE and FE systems. The observation 
ofthe o, function can explain to some extent the development 
gap in the future coupling coordination of the JF JE and FE 
systems and analyse their development advantages and 
structural adaptability. Compared with the absolute value 
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of the standard deviation, the coefficient of variation in this 
method is more effective in preventing the influence of the 
deviation on the convergence, and therefore the coefficient 
of variation is used as the convergence indicator of 0 . 


The convergence test function o, is as follows: 
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D = Dar + Dae ab Dore: 
t 
3 


(3-11) 


1 
_[ @un-DY +Oa-D) +@re-DY PF (3-42) 


oO; 
3D 


t 


Witho, representing the coefficient of variation of the 
3 coupling coordination degrees among the interacting 
systems at the time t, if theo, index gradually decreases, 
it means that the coordination coupling degrees of the 3 
interacting systems will converge, while on the contrary, 
their coordination coupling degrees will show divergence. 
The judgment rule is as follows: 
1. Ifo,,, < o,, then convergence exists. 
1. Ifo,,,~<o,, then it is considered to have T-stage 
convergence between these 3 coupling coordinators. 
2. If O.,, <0, is available for any T>0, the convergence 
of ois considered consistent for these 3 coupling 
coordinators. 


GM(1,1) Gray Forecast Analysis: Predicting the 
development trend can control the law of change, make 
prevention in advance, and provide a reliable basis for the 
corresponding decision, so itis of some significance to predict 
the coordination development trend. Gray prediction [34] By 
determining the change pattern between different sequences, 
the uncertainty of the sequence is transformed into a strong 
regular sequence to predict the future development trend 
of the sequence. The gray prediction model can effectively 
predict time series with low data volume and low data 
integrity and reliability. The method uses differential 
equations to extract the nature of the data, which has the 
advantages of small amount of information, high accuracy, 
simple operation, easy testing, and does not consider the 
distribution pattern or change trend. There are many kinds 
of gray prediction models, among which GM(1,1) is the most 
commonly used model. The first number represents a first- 
order differential, while the second number represents a 
data series. 
Step 1: GM(1,1) differential equation dynamics model 
(ld) 
Ss +aX=b (3-13) 
dt 
Where a and b are coefficients to be determined, a is the 
developmental gray number and b is the endogenous control 
gray number. 
Step 2: Solve the parameter a by the least squares method 
to obtain the time response function of the gray prediction 


X(K+1)= bao 4] ia re =1,2,..,n (3-14) 
a a 
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The GM(1,1) model generally considers two values of p 
and C when testing the accuracy of the prediction model. 


The posterior test difference ratio C value is used for 
model accuracy assessment, and the smaller its value, the 
better. The test rules are as follows: 

14, C<0.35, then the model accuracy level is good; 

2, 0.35<C < 0.05 if the model accuracy passes; 

3. 0.05~< C <0.65 the model accuracy is basically up to 
standard; 

4. C>0.65 the model accuracy level is not up to the 
requirement. 

The small error probability p-value test rule is as follows: 

Pp < 0.7 If the model fails, the model fails; 

0.7 < p < 0.8 The model barely passes; 

0.8< p<0O.95If the model passes, the model is 

qualified 
4, PO 0.95 The accuracy of the model is good. 


Analysis of Single System Development Index 
Results 


The coupled development indices of education, finance 
and economy systems are shown in Table 3.4 below as well 
as the trend chart in Figure 3.1 below. 


Time oe U, op 

2005 0.0001 0.0001 0.0001 
2006 0.01 0.0023 0.0018 
2007 0.0132 0.0061 0.004 
2008 0.0216 0.0101 0.0068 
2009 0.0346 0.0138 0.013 
2010 0.0375 0.02 0.0186 
2011 0.0441 0.0274 0.0219 
2012 0.0455 0.0339 0.0273 
2013 0.0478 0.0413 0.0336 
2014 0.0496 0.0488 0.0396 
2015 0.0502 0.0554 0.0473 
2016 0.052 0.0608 0.0582 
2017 0.0542 0.0691 0.0651 
2018 0.0569 0.0797 0.0739 
2019 0.063 0.0894 0.0834 
2020 0.0738 0.0864 0.098 


Table 3.4: Development index of coupling coordination 
between education, finance and economy in Hubei Province 
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As shown in the figure and table above, the development 
of the JFE system can be divided into 2 phases: 

1. Low-level financial development lag phase (2005- 
2015). In this phase, the development indexes of the 
financial subsystem are basically in line with those of 
the economic subsystem. the development indexes of 
all 3 systems are in a more stable but slow development 
process. The development indexes of the education 
system are significantly higher than those of the other 
two systems, indicating that the advantage of education 
level is greater than that of economic growth and 
financial development at this stage. The development 
indexes of the education level system, the economic 
growth system, and the financial development system 
are ranked from highest to lowest. 

2. High education level lagging stage (2016-2020). After 
2016, the financial and economic development indexes 
continue to rise, while the change in the education 
level index is stable, and the financial and economic 
development indexes gradually overtake the education 
level index. The economic growth system, financial 
development system, and education level system 
development index rank from high to low. The main 
feature of this period is that the rapid development of 
economic and financial systems in Hubei Province has 
far surpassed the index of education development and 
entered the stage of high level education level lagging. 


In summary, during the development of the JFE 
system, the economy of Hubei Province first entered a 
rapid development phase. During 2005-2015, the financial 
development temporarily lags behind. During 2019-2020, 
the economic development system has entered the middle 
and high level, and the development of the economic system 
will promote the GDP growth of the financial system and the 
continuous improvement of the financial system, and even 
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Development Index of the Coupling of Education, Finance and 
Economy in Hubei Province 
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Figure 3.1: Development Index of Education-Finance-Economy Coupling Coordination in Hubei Province. 


catch up with the economic system. During the period of 
2011-2020, while the financial and economic systems are 
developing at a high speed, the education system in Hubei 
Province has entered a slow growth stage and the JFE system 
has entered a lagging stage in education level. This means 
that one of the keys to solve the coordinated development of 
the three systems in Hubei Province at this stage is to solve 
the problem of lagging education level. 


Analysis of the Results of the Coordination 
Degree of Interactive Coupling of the Two 
Systems 


Coupling Coordination Degree Results Analysis: The 
coupling coordination degree between these two systems is 
obtained by solving the relational equation of the coupling 
degree of the two systems from formula (3-7), as shown 
in Table 3.5 and Figure 3.2. The changes of the coupling 
coordination degree between the JF and JE systems are 
similar. Both the JF and JE systems go through three stages 
of recovery from intermediate coordination development 
to primary coordination development and then rise to 
intermediate coordination development. Overall, the coupling 
coordination degree is gradually optimized. Compared with 
the JF and JE systems, the coupling coordination degree of 
the FE system developed rapidly. Compared with 0.058 for 
the JF system and 0.062 for the FE system, the coupling 
coordination degree of the JE system only increased by 0.056 
throughout the study interval, which is relatively low. 


In the temporal dimension, the three systems interacting 
coupling coordination is in the leading position in 2005- 
2011, 2012-2015, and 2016-2020 for the FE system, JE 
system, and FE system, respectively, i.e, although the 
coupling coordination of the FE system has ups and downs 
in the middle, its growth rate of obtaining the best coupling 


Copyright© Zhao B, et al. 


coordination is higher compared to the other 2 interacting 
systems higher. From the trend dimension, the coupling 
coordination of the FE system is the first to enter the 
stage of high-quality coordination development. From the 
development dimension, although the interactive coupling 
coordination among the three systems has entered the 
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degree not only fluctuates in the middle, but also develops 
slowly and has a medium coupling degree. Among them, the 
JE system coupling coordination degree is relatively low. 
How to promote the long-term coordinated development 
of education-economy is one of the main problems of 
coordinated development in Hubei Province. 


range of coordination evaluation, its coupling coordination 


Education - Finance (JF) Education and Economics (JE) Finance and Economics (FE) 
Year Degree of coupling Degree of coupling Degree of coupling 
D, coordination Dp, coordination dD. coordination 

2005 | 0.704 | Intermediate Coordination | 0.705 | Intermediate Coordination | 0.707 | Intermediate Coordination 
2006 | 0.606 Primary Coordination 0.629 Primary Coordination 0.706 | Intermediate Coordination 
2007 | 0.658 Primary Coordination 0.689 Primary Coordination 0.703 | Intermediate Coordination 
2008 | 0.664 Primary Coordination 0.694 Primary Coordination 0.706 | Intermediate Coordination 
2009 | 0.685 Primary Coordination 0.69 Primary Coordination 0.716 | Intermediate Coordination 
2010 | 0.706 Intermediate Coordination | 0.711 | Intermediate Coordination 0.72 Intermediate Coordination 
2011 | 0.71 Intermediate Coordination | 0.722 | Intermediate Coordination | 0.722 | Intermediate Coordination 
2012 | 0.721 | Intermediate Coordination | 0.731 | Intermediate Coordination | 0.726 | Intermediate Coordination 
2013 | 0.73 Intermediate Coordination | 0.737 | Intermediate Coordination | 0.731 | Intermediate Coordination 
2014 | 0.736 | Intermediate Coordination | 0.741 | Intermediate Coordination | 0.736 | Intermediate Coordination 
2015 | 0.741 | Intermediate Coordination | 0.743 | Intermediate Coordination | 0.741 | Intermediate Coordination 
2016 | 0.744 | Intermediate Coordination | 0.745 | Intermediate Coordination | 0.748 | Intermediate Coordination 
2017 | 0.747 | Intermediate Coordination | 0.747 | Intermediate Coordination | 0.753 | Intermediate Coordination 
2018 | 0.749 | Intermediate Coordination | 0.749 | Intermediate Coordination | 0.759 | Intermediate Coordination 
2019 | 0.754 | Intermediate Coordination | 0.754 | Intermediate Coordination | 0.766 | Intermediate Coordination 
2020 | 0.762 | Intermediate Coordination | 0.761 | Intermediate Coordination | 0.769 | Intermediate Coordination 


Table 3.5: Education level-financial development, education level-economic growth and financial development-economic 
growth coupling coordination. 
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Figure 3.2: Education level-financial development, education level-economic growth and financial development-economic 
growth coupling coordination. 
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o Convergence Test Analysis of Results 

o, The trend with time t is shown in Figure 3.3. From 
2005 to 2006, the coupling coordination of the interactive 
systems of JF, JE and FE in Hubei province showed a 
divergence, indicating that the difference in the coupling of 
the interactions of the three systems increased in this stage 
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and the development structure of the three systems tended 
to be unreasonable between the two. After 2006, the coupling 
trend gradually converged, indicating that after 2006, the 
coupling difference of the 3 systems decreased significantly, 
and the development structure of the 3 systems tended to be 
reasonable, synchronous and coordinated. 


Va 


XN 


Convergence test for coupled coordinated development 


SoYyDY 1999394902 
Dy ~%q °° Vy °°, “Oy, $;, “Op. Op, SO, “Op, SO, “Op, <0 


Figure 3.3: Convergence test of coupled education level-financial development-economic growth coordination. 
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Analysis of the Results of the Coupling 
Coordination Degree of Education-Finance- 
Economy Triple System 


Coupling Coordination Degree Results Analysis: The 
coupling development of Hubei JFE system from 2005 to 
2020 is shown in Table 4-6. The minimum value of coupling 
coordination degree of Hubei JFE system is 0.646 and the 
maximum value is 0.764, which is always in the coordination 
development area from 2005 to 2020. However, among them, 
the coupling coordination degree is less than 0.7 from 2006 
to 2009, which is the primary coordinated development, 
and the coupling coordination degree is greater than 0.7 


again after 2010, which enters the intermediate coordinated 
development stage. 2005-2020 coupling degree of Hubei 
JFE system is between 0.4 and 0.5, and the average relative 
level is 0.483, which is in the fly-down stage. The coupling 
coordination degree increases with the increase of coupling 
degree, and the average relative level is 0.722, and the 
overall is in the intermediate coordination development 
stage, which indicates that the overall level of coupling 
coordination degree of Hubei JFE system is relatively low 
and the coordination development role is relatively weak. It 
should start from the whole situation of the three systems to 
further improve the level of coordinated development of the 
three systems in Hubei Province. 


Education, Finance and Economics (JFE) 
Year 
R, D, Coupling phase Degree of coupling coordination 

2005 0.4974 0.705 fly down Intermediate Coordination 
2006 0.412 0.646 fly down Primary Coordination 

2007 0.4587 0.683 fly down Primary Coordination 

2008 0.4601 0.688 fly down Primary Coordination 

2009 0.4652 0.697 fly down Primary Coordination 

2010 0.482 0.712 fly down Intermediate Coordination 
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2011 0.4845 0.718 fly down Intermediate Coordination 
2012 0.4919 0.726 fly down Intermediate Coordination 
2013 0.4961 0.733 fly down Intermediate Coordination 
2014 0.498 0.738 fly down Intermediate Coordination 
2015 0.4992 0.742 fly down Intermediate Coordination 
2016 0.4992 0.746 fly down Intermediate Coordination 
2017 0.498 0.749 fly down Intermediate Coordination 
2018 0.4961 0.753 fly down Intermediate Coordination 
2019 0.4958 0.758 fly down Intermediate Coordination 
2020 0.4975 0.764 fly down Intermediate Coordination 


Table 3.6: Education level-financial development-economic growth coupling coordination 


Analysis of GM(1,1) Gray Prediction Results: With the 
online software SPSSAU, a gray GM(1,1) prediction model 
was used to forecast the coupling coordination of the JFE 
system in Hubei Province during 2021-2024. The first step is 
the level ratio test to determine whether the data series has 


a suitable regularity and is suitable for the model. The results 
are shown in Tables 3.7 below, and the values of the cascade 
test are within [0.889, 1.125], indicating that this data series 
is suitable for the GM (1,1) model. 


Year Original Level ratio Original value + translation conversion shift value The converted sum 
value Xr (shift=0) ratioA 
2005 0.705 - 0.705 - 
2006 0.646 1.091 0.646 1.091 
2007 0.683 0.946 0.683 0.946 
2008 0.688 0.993 0.688 0.993 
2009 0.697 0.987 0.697 0.987 
2010 0.712 0.979 0.712 0.979 
2011 0.718 0.992 0.718 0.992 
2012 0.726 0.989 0.726 0.989 
2013 0.733 0.99 0.733 0.99 
2014 0.738 0.993 0.738 0.993 
2015 0.742 0.995 0.742 0.995 
2016 0.746 0.995 0.746 0.995 
2017 0.749 0.996 0.749 0.996 
2018 0.753 0.995 0.753 0.995 
2019 0.758 0.993 0.758 0.993 
2020 0.764 0.992 0.764 0.992 


Table 3-7: Model-level ratios of GM(1,1) in Hubei Province. 


In the GM(1,1) model, the development coefficient a, the 
amount of gray effect b, and the posterior difference ratio 
C value and the small error probability p value should be 
found respectively, and the p value and C value are usually 
considered in the accuracy test of the prediction model. 
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The results of the model construction are shown in 
Table 3.8 below, with a small error probability p-value of 
0.938<0.95, implying that the accuracy of the model is up 
to standard. The posterior test difference ratio C value of 
0.0991<0.35 implies that the model has a high accuracy level. 
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Development factor a | Gray role volume b | Posterior test difference ratio C value | Small error probability p-value 


-0.0096 0.6658 


0.0991 0.938 


Table 4.8: Results of GM(1,1) model construction in Hubei Province. 


The prediction results of GM(1,1) model are shown 
in Table 3.9 below, the coupling coordination of Hubei JFE 
system in 2021-2024 basically continues the development 


trend of 2005-2020, and it is still in the intermediate level 
of coordinated development in 3 years from 2021-2023, and 
will basically achieve good coordination in 2024. 


Year Predicted value of coupling coordination Coupling coordination categories 
2021 0.781 Intermediate Coordination 
2022 0.788 Intermediate Coordination 
2023 0.796 Intermediate Coordination 
2024 0.804 Good coordination 


Table 4.9: Prediction results of GM(1,1) model in Hubei Province. 


Summary of Chapter 


The changes in the coupling level of the three-system 
JFE system are closely related to the coupling degree of 
the two-system JF, JE, and FE. after 2006, the two-system 
JF, JE, and FE have risen more steadily, by which the three- 
system JFE coupling level rose from primary to intermediate 
coordination development. However, there was a significant 
decrease in the two-system JF, JE, and FE coupling levels 
in 2006, causing a significant decrease in the three-system 
JFE coupling coordination. In addition, the three-system JFE 
coupling level slowly increased from 2005 to 2020, which 
maintained a basically consistent change trend with the two- 
system JF and JE coupling. 


According to the prediction results of GM(1,1) model, the 
overall coupling degree and evolution rate are relatively low, 
and it will take a long time to evolve into a high-quality and 
high-level coordinated development stage that guarantees 
coordinated development. 


Overall, the coupling level of the three systems will 
gradually rise in the future but the evolution speed will 
not be too fast, and the positive feedback mechanism of the 
three will gradually and slowly take shape, and thus form a 
virtuous cycle of mutual promotion. 


Conclusion and Recommendations 


Research Findings 


This paper conducts an empirical study on the 
relationship between the coordinated development of 
education, economy and finance in Hubei Province in 
order to analyse the integrated change relationship among 
education, finance and economy and to explore the dynamic 
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characteristics of the evolution of the three subsystems. The 

results of the study found that 

1. There is a strong correlation between economic 
development and educational development, between 
economic development and financial development, 
and between educational development and financial 
development in Hubei Province. 

2. The education-finance-economy correlation is inferior 
to the finance-economy correlation and superior to the 
education-economy and education-finance correlation. 

3. In terms of the single system, although there are 
problems such as insufficient development benefits and 
unreasonable development structure among all three 
systems, the economic and financial subsystems are 
better developed than the education subsystem. This 
means that solving the lagging problem of education level 
at this stage is one of the Keys to solve the coordinated 
development of the 3 single systems in Hubei Province. 

4. In terms of the two systems, education-finance, 
education-economy and finance-economy have been 
in a coordinated development stage, but there are still 
some gaps in the development level, and the education- 
economy system is temporarily lagging behind. 
Convergence analysis shows that there is an obvious 
trend of convergence in the degree of interactive coupling 
coordination of the two systems in Hubei Province after 
2006, indicating that the gap has been gradually reduced 
in recent years and the development structure of the 
three systems has been gradually optimized to achieve 
rationalization and coordination. That is, at present, 
improving the coordinated development of education- 
economy in a more sustainable and long-term way is one 
of the keys to solve the coordinated development of the 
three two systems in Hubei Province. 

5. In terms of the three systems, the education-finance- 
economy coupling degree is between 0.4 and 0.5, 
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which is at the stage of mutual confrontation with 
the jerky down. The coupling coordination degree is 
once again greater than 0.7 after 2010, entering the 
intermediate coordination development stage, but the 
coordination level rises slowly. The forecast results of 
coupling coordination degree show that the coupling 
coordination degree of the three systems will rise slowly 
in the next four years, and will initially reach a good 
stage of coordinated development by 2024. 


In summary, the correlation of the three systems is 
relatively better than the two systems, i.e., it is not enough to 
focus on the construction of the two systems, and promoting 
the overall construction of the education-finance-economy 
system is the ultimate goal. The current problem that needs 
to be solved in Hubei Province is the current situation of 
lagging education level. Improving the quality of education, 
and thus promoting the long-term coordinated development 
of education-economy, will finally achieve the effect that the 
development structure of the three systems will be optimized 
and gradually rationalized towards harmonization. 


Research Recommendations 


Based on the above findings, the following 
recommendations are made to further promote the 
coordinated development of regional education, finance and 
economy in China: 


Promote the Sound Development of the 
Three Systems from the Internal Governance 
of the Two Systems 


The degree of coupling and coordination of the three 
systems is closely related to the degree of development of 
interactive coupling and coordination of the two systems. 
Therefore, in the future, China should start from the 
internal governance of each two systems, and increase the 
coordination efforts from three aspects of education input, 
financial construction and economic transformation to 
promote the coordinated development of each two systems, 
so as to provide a solid guarantee for the benign development 
of the three systems. 

1. Increase Investment in Education and Focus on the 

Quality of Education and Teaching 

If there is insufficient investment in education, it will 

constrain the development of the education sector to 

some extent. Therefore, compulsory education should 
be the focus of investment in education, standardize 
education standards, raise awareness of reading for all, 
and increase support for investment in education. 

2. Accelerate the Optimization and Upgrading of 

Education and Economic Structures 
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Over-emphasis on investment in education does not fully 
promote economic development, but active and effective 
investment in human capital is a key factor in promoting 
China’s economic development. Therefore, it is 
necessary to increase investment in education, especially 
higher education, and accelerate the optimization and 
upgrading of the educational structure and economic 
structure, which is a necessary prerequisite for the 
sustainable development of our economy. At the same 
time, integrated planning of financial construction and 
continuous improvement of the overall quality of the 
workforce is an important way to promote sustainable 
economic development. 

3. Increased Financial Regulation to Improve Investor 
Participation in Financial Markets 
Volatility in financial markets can have some impact on 
economic growth, and the direction of the impact will 
change with changes in the economic environment. 
Therefore, banks should pay more attention to the 
volatility of financial markets when formulating and 
implementing monetary policy, especially in the case of 
significant changes in the economic environment [1]. The 
development of the economy should be accompanied 
by integrated planning of both education input and 
financial construction, and the comprehensive use of 
administrative, legal and economic means to promote 
the development of the three in the direction of optimal 
coordination. 
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